Direct comparisons were made of Chlamydial isolation rates from pharyngeal swabs, fecal samples, and cloacal swabs from cockatiels and pharyngeal and cloacal swabs from turkeys experimentally infected with Chlamydia psittaci. During pathogenesis studies, 133 paired specimens were collected from cockatiels and 118 paired specimens were collected from turkeys. Of the 51 cockatiel Chlamydial infections detected, 80.4% were positive by the pharyngeal swab sample, 45.1% were positive by the fecal swab sample, and 37.3% were positive by the cloacal swab sample. Of the 87 turkey infections detected, 93.1% were positive by the pharyngeal swab sample and 77.0% were positive by the cloacal swab. The pharyngeal swabs were the most reliable sample for isolation of chlamydia from live birds. However, no single sampling site yielded positive results from all infected birds. Specimens from multiple sites are recommended because a number of infected birds were identified by isolation from only 1 sample.
The diagnosis of chlamydiosis in birds requires either isolation of the organism or demonstration of the organism in tissues or exudates by direct microscopic evaluation or enzyme-linked immunosorbent assay. 2 Typically, specimens collected for isolation of chlamydiae from live birds have been either feces and/or cloacal swabs, because liver and intestinal infections are often associated with the disease. [4] [5] [6] [7] A recent study of the pathogenesis of the disease in turkeys 9 revealed that the lateral nasal glands can remain infected for extended periods of time. Secretions from these glands function to keep nasal mucosa moist, and drainage of infected secretions into the pharyngeal cavity can serve as a source of chlamydiae. Secretions from the lung are also expelled into the pharyngeal area.
The importance of the upper respiratory tract as a source of diagnostic materials was demonstrated in recent studies of isolation rates from tissues and specimens from necropsied birds. 3 Tracheal specimens or swabs yielded higher isolation rates than cloacal swabs or fecal samples. It is difficult to draw conclusions about the preferred sample from these studies because the number of birds was limited and paired samples were not used.
In the live bird, a limited number of sites are available for collection of material to detect chlamydiae. Pharyngeal swabs may be the ideal specimen for chlamydial isolation because they are easy to obtain and because of the close physical location to the lateral nasal glands and lungs, both known to be reliable sources of chlamydiae in infected birds. The goal of this research was to compare Chlamydia isolation rates from pharyngeal swabs, cloacal swabs, and fecal samples from cockatiels and pharyngeal swabs and cloacal swabs from turkeys.
Materials and methods
Chlamydial strains. Three C. psittaci strains were used for inoculation: TT3, isolated from an outbreak in turkeys in 1975, 6 VS1, isolated from a parrot from Georgia in 1985, 1 and B577, isolated from an aborted ovine fetus in Utah in 1962. 8 All 3 strains were adapted to Vero cell cultures, grown in roller bottles, and used between the third and sixth cell culture passage.
Cockatiels. Two hundred seven cockatiels were obtained through commercial channels for a pathogenesis study, Prior to arrival, the birds were quarantined and treated with antibiotics administered in the feed. The birds were divided equally among 4 isolation rooms, each containing 18 cages. The cockatiels were distributed 3 or 4 per cage and given nonmedicated feed and water ad libitum. Following a 3-wk conditioning period, cloacal swabs were taken from 1 bird per cage and tested for chlamydiae by isolation in Vero cell cultures. Chlamydiae were isolated from 6 birds. In spite of the evidence of recurrent chlamydial infections, the birds were inoculated as originally scheduled because treatment and retesting would require 2 months, and there was no assurance that chlamydiae could be eliminated from the group even with additional antibiotic therapy.
The cockatiels were inoculated intratracheally with 0.5 ml of phosphate-buffered saline (PBS) containing 10 6 inclusionforming units (IFU) of VS1, TT3, or B577. The birds in each of 3 rooms received a single agent, and the birds in the fourth room received PBS only.
Three birds were necropsied from each group on days 1, 2, 3, 4, 7, 9, 11, 14, 17, 31, 49, and 70 postinoculation (PI). Remaining birds were necropsied between days 72 and 78 PI. Paired cloacal and pharyngeal specimens (samples collected at the same time) were collected with swabs from live birds prior to necropsy; fecal samples were taken directly from the colon at necropsy. Paired specimens from VS1-, B577-, and PBS-inoculated birds are included in this report. Specimens from the birds inoculated with the turkey isolate, TT3, were excluded because these birds developed a systemic infection that was rapidly fatal and not characteristic of chlamydial infection in cockatiels.
Turkeys. Twenty 12-wk-old commercially raised, unvaccinated, broad-breasted white turkeys were maintained in isolation during the experiment. Fifteen of the birds were by indirect fluorescent antibody test using a group-reactive monoclonal antibody 2 followed by a fluorescein-conjugated anti-mouse serum. A positive isolation was defined as the inoculated intratracheally with 10 6 tissue culture IFU of the visualization of chlamydial inclusions in either the 3-day or TT3 strain of C. psittaci in 1 ml of PBS. Five birds were left the 6-day culture. The third and fourth multiwell dishes were uninoculated and were infected by contact with infected birds. used for verification of results when needed or for repassage Pharyngeal and cloacal swabs were collected from each for verification of the strains isolated. All samples negative bird on days 3, 7, 11, 14, 18, 21, 28, and weekly thereafter until on first passage were repassaged in 4 additional multiwell day 49 PI. Samples from day 3 PI were not included because dishes. of technical problems with the isolation procedure. Because all samples from day 35 PI and later were negative, samples
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collected after day 28 were not included. One contact-infected bird died on day 19 and was included in the test results Cockatiels. Paired pharyngeal swabs, fecal samples, up to that date. and cloacal swabs were collected from 133 cockatiels.
Cell culture. Vero cells were grown in 850-cm 2 roller bot-The specimens were tested for chlamydiae by isolation tles using Eagle's minimum essential medium containing in Vero cell monolayers. Chlamydiae were isolated from Earle's balanced salts, 20 mmol of HEPES (N-2-hydroxy-51 of the birds from 1 or more of the paired samples. ethylpiperazine-N'-2-ethanesulfonic acid)-5% fetal bovine Of the 29 infected birds detected from only 1 of the 3 serum, 5.4 mg/liter glucose, 292 mg/liter glutamine, 2 µg/ml samples, 20 were detected from the pharyngeal swabs, amphotericin B, and 10 µg/ml gentamicin sulfate. The same 3 from cloacal swabs, and 6 from fecal swabs. Twelve medium, with the addition of 0.5 µg/ml cycloheximide, was used following inoculation of Vero cell monolayer in roller bottles with chlamydiae.
Isolation procedures. Isolations were done in Vero cell culture monolayers using the following procedure. A confluent monolayer was produced within 24 hr in 96-well multiwell dishes seeded with 0.2 ml/well of medium containing approximately 250,000 cells/ml. Immediately following collection, fecal samples and pharyngeal or cloacal swabs were diluted to a 1:10 suspension or placed in 2.0 ml cell culture medium containing 200 µg/ml gentamicin sulfate. Samples were vortexed and held at 4 C overnight. On the following infected birds were detected from 2 samples, including 6 detected from pharyngeal and fecal samples, 5 detected from pharyngeal and cloacal samples, and 1 detected from cloacal and fecal samples. Ten infected birds were positive by all 3 samples and 82 of the birds were negative by all samples. Table 1 gives combined isolation results and the percentages of infected birds detected from each of the types of samples.
Turkeys. The combined results from the 118 paired turkey pharyngeal and cloacal swabs are given in Table  2 . Eighty-seven of the pairs were positive by 1 or both day, the swabs were removed and the tubes were centrifuged of the paired samples. Of these, 20 were detected only for 10 min at 1,500 x g at 20 C. The middle 1 ml of the supernatant was removed and used to inoculate cell monolayers. Duplicate wells in each of 4 separate dishes were inoculated with 0.1 ml specimen-antibiotic mixture to provide cultures for fixing at different times and for repassaging when needed. The multiwell dishes were centrifuged at 1,000 x g for 1 hr at 35 C, after which the inoculum was removed and replaced with 0.2 ml of cell culture medium with cycloheximide. Inoculated multiwell dishes were incubated at 37 C in a 5% CO 2 incubator. Monolayers were fixed with a 50% methanol-50% acetone mixture for 5-10 min. One dish was fixed on day 3, and a second dish was fixed on day 6. Monolayers were stained and examined for chlamydial inclusions from the pharyngeal sample, 6 only from the cloacal Also, many clinically normal cockatiels had high titers sample, and 61 from both samples.
of chlamydiae in the pharyngeal specimens. Clinically Contact-exposed turkeys were all negative at 7 days apparent chlamydial infections produce a severe air-PI. On day 11, 4 of the 5 contact birds were shedding saculitis and pneumonitis in most avian species. 6 Fur-Chlamydia in the pharyngeal samples only; the fifth thermore, the respiratory tract appears to be the last bird was still negative. By day 14, all 5 contact birds system to clear the infection. In a previous study using had positive cloacal and pharyngeal cultures.
turkeys, many clinically normal birds had infected Discussion lungs, and the lateral nasal glands remained infected for extended periods of time. 9 These findings are all The results demonstrate the importance of obtaining consistent with consideration of the aerosal route as a major factor in the transmission of chlamydiae among a pharyngeal specimen for the isolation of chlamydiae from live cockatiels and turkeys. The pharyngeal swabs birds and between birds and humans. were positive in 80.4% of the cockatiels from which chlamydiae were isolated and 93.1% of paired samples from positive turkeys. The fecal samples and cloacal This study demonstrates the importance of using the isolated. In turkeys, the cloacal swab was relatively swabs were positive in only 45.1 and 37.3%, respecmore efficient for isolation of chlamydia than the fecal samples and cloacal swabs were from the cockatiels; 77.0% of the positive turkeys were detected with it. However, no single sampling site was positive in all tively, of the cockatiels from which chlamydia was ryngeal specimens also can be used in other diagnostic pharyngeal swab as a clinical specimen for the laboratory isolation of chlamydiae from live birds. Phaeasy to work with.
The respiratory tract is of major importance in the pathogenesis of chlamydial infection and the transmission of chlamydiae in cockatiels and turkeys. In the current study, chlamydiae were isolated more often from pharyngeal specimens than from fecal or cloacal specimens, indicating that the respiratory tract is an important site of infection in birds with chlamydiosis.
